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Abstract 
 
BiFe1-xAlxO3(x=0.05, 0.1) and BixBa1-xFe0.95Al0.05O3 (x=0.05, 0.07) ceramics were synthesized and their 
crystal structure, thermal and ferroelectric properties were investigated. X-ray diffraction and Raman data 
of the ceramics showed all the samples were rhombohedral with small crystal structure distortion. DSC 
results revealed the evolution of Neel Temperature (TN) by Al and Ba co-doping. The substitution of Al3+ 
at Fe site changes the TN significantly.  Doping effects in terms of crystal structure, electrical property 
variation are discussed in this paper. 
 
© 2013 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of SMND-2011 
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1. Introduction 
 
Multiferroic materials that manifest simultaneous magnetic and polarization orderings are being 
vigorously studied due to their broad range of potential applications and interesting physics behind this 
phenomenon [1-3]. As one of the few room-temperature single-phase multiferroic materials so far 
discovered, BiFeO3 (BFO) with a rhombohedrally distorted perovskite structure exhibits ferroelectric 
behavior with high ferroelectric Curie temperature (TC=1083K) and G-type antiferromagnetic (AFM, 
TN=643K) at the same time [4].  According to the previous studies in BFO perovskite structure, the Bi-O 
orbital hybridization [5], Fe3+-O- Fe3+ exchange interaction [6] or structure distortion [7] gives rise to 
FE and AFM property. However, a large leakage current density induced by impurity and space-
modulated spiral spin structure in BFO ceramic make it difficult to obtain a well-saturated ferroelectric 
and ferromagnetic and hysteresis loop in BFO system [8]. 
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Doping method was considered to be an effective way to modify multiferroic property in BFO 
ceramic through reducing the second phase or suppressing its cycloid structure, which has been 
successfully observed in A-site (Nd3+ [9], La3+ [10], Ba2+ [11]) or B-site (Mn4+ [12], Ti4+ [13]) chemical substitution by 
many researchers. However, few works have systematical study the A and B site co-substitution and how the 
doping effect influenced on structure and property in BFO system was still messy [14-16]. Understanding 
structural changes are important as than only one can search for exact reason of magnetic and electrical 
properties as these properties are correlated with structural properties. In the present work, BiFe1-
xAlxO3(X=0.05, 0.1) (abbreviated as A5, A10) and BixBa1-xFe0.95Al0.05O3 (X=0.05, 0.07) (abbreviated as 
B5A5, B7A5) ceramics were designed and fabricated by a sol-gel auto-combustion method. The prepared 
samples are studied using x-ray diffraction, Raman spectroscopy, differential scanning calorimetry and 
ferroelectric P-E loop measurements. 
 
2. Experimental Technique 
 
BiFe1-xAlxO3 and BixBa1-xFe0.95Al0.05O3 ceramics were synthesized via a sol-gel auto-combustion 
method. Stoichiometric amount of Bi (NO3)3 2O (99.0%), Fe (NO3)3 2O (99.5%), Al 
(NO3)3 2O (99.9%), Ba (NO3)2(99.5%) and tartaric acid (C2H2O6, 99.5%) were dissolved in 
suitable  distilled  water,  heated  up  to  80ºC  in  order  to prepare a transparent multi-component 
solution. The solution was dried and burnt to obtain fluffy green colored precipitate. The as prepared 
powders were calcined at 500ºC for 150 minutes followed by leaching in diluted HNO3 to wash off the 
impurity phase. Calcined powders were pressed uniaxial into disks of thickness 0.30mm and diameter 
14.0mm by applying a pressure of a bou t  20MPa. The final sintering temperature of the pellets disks 
was 830ºC for 180 minutes.  X-ray diffraction (XRD) measurements are carried out using 18 kW Rigaku 
machine with Cu Ka radiation in the range of 2 =20°and 60°. All samples XRD data were fitted using 
rietveld refinement method for identifying effect of doping on crystallographic structure by FullProf 
program [17]. The Differential scanning Calorimetry (DSC) technique was used to determine the 
variation in the antiferromagnetic (AFM) to paramagnetic (PM) transition temperature with doping. 
Raman spectra are recorded in backscattering geometry with a LABRAM Jobin-Yvon spectrometer. 
Ceramics were polished and pasted by silver on both surfaces as electrodes and polarization hysteresis 
(P-E) loop was measured by using Radiant Technologies ferroelectric loop tracer (RT6000) at 50Hz.  
 
3. Result and discussions 
 
3.1. Structural studies 
 
All ceramic samples XRD data were fitted using the rietveld refinement method for finding out effect 
of doping on crystallographic structure. Figure-1 shows the XRD pattern of all the samples.  All of the 
main peaks in our samples are perfectly matched with those of the powder diffraction pattern of 
BFO together with some negligible impurity phases Bi2Fe4O9 in A10 and B7A5 ceramics, which 
confirming the sol-gel auto-combustion method was beneficial to obtain pure phase BFO ceramic. A good 
refinement could be done based on the perovskite-type structure with R3c space group and related 
structural parameters derived from fitting were shown in table-1.  Unlike a number of references on 
reporting a structure transitions from rhombohedral to orthorhombic or triclinic induced by chemical 
doping, no phase evolution was found upon Ba and Al doping in the present work. However, with 
increasing doping of Al at Fe site from 5% to 10%, structure distortion occurred. A decrease of both a and 
c parameters and unit cell contraction were described to ionic radii of Al (0.535 Å) is smaller than Fe 
(0.645 Å).   
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Further, Ba and Al substitution has also not affected the crystalline structure of BFO, which is crucial 
for the FE properties of the compounds. Ba and Al substitution lead to a continuous decrease in the unit 
cell volume from 124.61 Å3 for BFO to 123.23 Å3 for B7A5.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure .1.  X-ray diffraction patterns along with the Rietveld refinement of all ceramics 
 
Table1.Refined lattice parameters of all ceramics obtained from the XRD analysis 
Sample Space 
Group  
a(Å)  V(Å3) 
BFO R3c 5.6345 59.3476 124.61 
A5 R3c 5.6294 59.35 124.28 
A10 R3c 5.6291 59.3430 124.21 
B5A5 R3c 5.6148 59.3495 123.31 
B7A5 R3c 5.6137 59.3472 123.23 
 
 
In figure-2, DSC of pure BFO ceramic show AFM to PM transition at 3700C, which corresponding to 
the Neel transition temperature (TN). In BFO system, the Bi
3+-O2- orbital hybridization in A site 
(Bi3+) gives rise to ferroelectricity and B-site substitution is responsible for the magnetic ordering of 
BFO [18].  One can see clearly that 5% Al doping at B-site show decrease in TN to 3500C and further 
increase in Al 10% decreases TN to 3360C, whereas B5A5 and B7A5 have almost the same TN as of A5, 
which means Doping at A-site has no effect on TN. The reduction of TN to near room temperature with Al 
doping can be used to give large magneto-electric effects at room temperature. Non magnetic ion at 
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magnetic site can cause on the change in the Fe-O-Fe bonding angle, distribution of the eg and t2g orbitals 
and Fermi level position, which may be a possible reason of decrease in TN.    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2.  DSC data of all ceramics showing the Neel Transition (TN) temperature 
 
Figure-3 shows fitted Raman data of all the samples.  BFO is reported to have 13 Raman modes [19]; 
all samples show these 13 modes. Raman results matches well with XRD. Not any drastic structural 
changes had been seen. Small shift in various modes position in doped sample is because of lower mass 
of Al substituted at Fe and lower mass of Ba substituted at Bi or due to O2 vacancies.  To understand the 
effects of Al and Ba co-substitution on the ferroelectric property, hysteresis loop of all samples has been 
investigated and the result is shown in Figure-4. The P-E loop shows ferroelectric (FE) loop to some 
extend together with leakage current characteristics under the application of electric filed up to 
20KV/cm. The observed data matches with that of reported for these compounds.  It is interesting to see 
that the A10 sample with TN of 335oC exhibits the FE nature indicating that it is possible to bring the TN 
close to room temperature with Al3+ substitution by retaining the FE nature. 
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Figure 3. Fitted Raman spectroscopy data of all ceramics 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure. 4. Ferroelectric hysteresis (P-E) loops of all ceramics 
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4. Conclusions 
 
From XRD and Raman it was observed that Al doping at Fe site has no effect on structural properties. 
Al doping has affected Neel transition temperature which may be because of change in Fe-O-Fe bonding 
angle, distribution of the eg and t2g orbitals and Fermi level position.  Ba doping has no effect on 
magnetic Neel transition temperature. There is no drastic change in ferroelectric properties with Ba doing 
along with Al doping. 
 
Acknowledgements 
The present work is carried out by Mr.Ge Ming Wang at CSR, Indore under RTFDCS Fellowship. 
Wang acknowledge CICS, Chennai and DST, New Delhi for RTFDCS Fellowship. Authors thank Dr. NP 
Lalla, Dr. VG Sathe and Dr. AM Awashti for the XRD, Raman and DSC measurements respectively.    
 
References 
[1]. Wang,  J., Neaton, JB., Zheng, H., Nagarajan, V., Ogale, SB., et al.,  2003. Science 299, 1719-22. 
[2]. Zheng, H., Wang, J., Lo and, SE., et al., 2004. Science 303,661-63. 
[3]. Eerenstein, W.,  Mathur, ND., Scott. JF., 2006. Nature. 422,759-64. 
[4]. Sosnowska, R.Przenioslo, P.Fischer, V.A.Murashov. J. Magn Magn Mater 1996; 160: 384. 
[5]. Gustau Catalan, James, F., Scott, 2009. Adv. Mater 21,1 23. 
[6]. Jie Wei, Desheng Xue, Chunfang Wu, Zhuoxin Li, 2008. J.Alloy Compd453, 20-23.  
[7]. Yan, Z., Wang, KF., Qu, JF., Wang,Y., 2007. Appl.Phys Lett 91,082906. 
[8]. Pradham, AK., Kai Zhang, Hunter, D., Dadson, JB., Loutts , GB., 2005. J.Appl Phys 97,093903. 
[9]. Yuan, GL., Siu Wing Or, Liu, JM., Liu, ZG., 2006. Appl.Phys Lett89, 052905. 
[10]. Das, SR., Choudhary, RNP.,  Bhattacharya, P., Katiyar, RS., 2007. J.Appl Phys 101, 034104. 
[11]. Poonam Uniyal, Yadav,KL., 2008.Mater.Lett; 
[12]. Yuan, GL., Siu Wing Or, 2006. J.Appl Phys100, 024109. 
[13]. Wang, DH., Goh, WC., Ning, M., Ong,CK., 2006. Appl.Phys Lett88,212907. 
[14]. Manoj Kumar, Yadav. KL., 2007.Appl.Phys Lett 91, 242901. 
[15]. Manoj Kumar, Yadav, KL., 2006. J.Appl Phys100, 074111. 
[16]. Chang, F.,  Zhang, N., Yang, F., Wang, S., Song, G., 2007. J.Phys.D Appl. Phys 40,7799. 
[17]. Young, RA., Sakthivel, A., Moss, JS., Paiva-Santos, CO., Rietveld analysis of X-ray and neutron 
powder diffraction patterns Georgia Institute of Tech., Atlanta. 
[18]. Azuma, M., Kanda, H ., Belik, A ., Shimakawa, Y ., Takano, M., 2007. J. Magn. Magn.Mater 310, 
1177. 
[19]. Deepti Kothari, Raghavendra Reddy, V., et al., 2008. J. Magn. Magn. Mater, 320, 548. 
